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acoustic coordinated reset neuromodulation”,
Restorative Neurology and Neuroscience
Vol. 30(2), 2012
Peter A. Tassa,b,∗, Ilya Adamchica, Hans-Joachim Freunda, Tatjana von Stackelbergc
and Christian Hauptmanna
aResearch Center Ju¨lich, Institute for Neuroscience and Medicine – Neuromodulation INM-7, Ju¨lich, Germany
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We would like to thank Dr. Gerta Ru¨cker and
Prof. Gerd Antes for their interest in our article
“Counteracting tinnitus by acoustic coordinated reset
neuromodulation” and for their suggestions especially
as the Cochrane collaboration has a long-standing track
record for reviewing tinnitus therapies.
Specifically, they found very limited evidence
for efficacy of commonly used tinnitus thera-
pies (www.thecochranelibrary.com) such as tinnitus
retraining therapy (TRT, Phillips & McFarran 2010)
and cognitive behavioral therapy (CBT, Martinez-
Devesa et al. 2010). Cochrane defines evidence as
not limited to randomized controlled trials and meta-
analyses but including the best available evidence
at any one time encompassing all kinds of medical
research, which can be also the result from basic
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research or an expert consensus (see e.g. Sackett et al.
1996).
In the field of tinnitus, most of the trials are
not performed blinded and often use a waiting list
control instead of a true placebo group (Martinez-
Devesa et al. 2010). Patient numbers of 20 to 60 per
study are a common size (Goebel and Hiller 1998,
www.thecochranelibrary.com).
The RESET trial was conducted according to
requirements of ICH-GCP and the German national
legislation. With 63 patients using a randomized,
blinded, placebo controlled setting, the trial shows
quality features not often encountered in tinnitus
research and appropriate for a first in man proof-of-
concept trial.
The concept was proven: we were able to show
strong long-lasting effects of acoustic CR neuromod-
ulation with reductions in loudness, annoyance and
other tinnitus symptoms. The clinical effects were
reflected in EEG changes towards a normal EEG
spectrum in tinnitus relevant brain areas. Neither the
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placebo group nor the masker like group showed any
lasting effects.
The results of the RESET trial support the robust-
ness of acoustic CR neuromodulation with significant
effects in the groups G1 and G3, receiving 4 to 6
hours CR therapy per day. Furthermore, the study
showed that treatment effects did not correlate with
tinnitus duration, tinnitus severity or patient’s age.
The protocol-defined analyses were complemented
by analyses comprising the comparison of equally
sized, matched subgroups and the pooled compari-
son between ‘effective’ and ‘ineffective’ stimulation
groups. These additional analyses were requested by
the peer reviewers and were carried out post-hoc. The
results strengthen our conclusion that acoustic CR neu-
romodulation (G1 & G3) had stronger long-lasting
effects on tinnitus severity than the other treatments
used in the trial.
The excellent response rate after the long-term
extension – 75% responders and winners with a TQ
reduction≥ 6 points – confirmed a high prevalence of a
therapeutic effect at the individual-patient level. These
75% responders and winners experienced an average
TQ reduction of 50%. We would like to highlight, that
from the very beginning we listed the relative reduc-
tion of the mean TQ value of all subjects in the article
(36%). Also the 25% non-responders and losers experi-
enced a slight average TQ improvement. In accordance
with other groups with a long-standing track record in
the field of tinnitus (see Goebel et al. 2006; Landgrebe
et al. 2012), we think that such a responder analy-
sis based on minimal clinically meaningful changes
is a useful tool for the interpretation of study results
(Adamchic et al. 2012a, b).
We performed an additional analysis of covariance
(ANCOVA) with treatment group as factor and respec-
tive baseline values as covariates as suggested by
Dr. Gerta Ru¨cker and Prof. Gert Antes. The results
further support our statement that acoustic CR neu-
romodulation induced beneficial long-lasting effects.
Despite the small group sizes, the direct comparison of
change from baseline between the groups at 12 weeks
revealed group differences with p-values <0.05 for the
three parameters VAS annoyance (p < 0.05), VAS loud-
ness (p < 0.05), and TQ (p < 0.0001) in the off state.
No significant differences were found in the on state
(VAS annoyance and VAS loudness). For example,
this analysis showed that longer CR neuromodulation
resulted in stronger therapeutic effects. In particular,
differences (p < 0.05) where found comparing VAS
loudness (off state) for groups G1 & G3 (4–6 h of CR
neuromodulation per day) with G4 (only 1 hour of CR
neuromodulation per day). Even stronger effects were
obtained for TQ.
Further analysis revealed that acoustic CR neuro-
modulation actually reversed the pathological EEG
characteristics (Adamchic et al., 2012c). CR therapy
reduced cortical synchronization at low (delta and low
theta) and high (beta, low and high gamma) frequencies
and increased activity in the alpha band. These clinical
and neurophysiological effects of CR neuromodula-
tion are also supported by other experimental studies
providing further evidence for the CR approach. For
instance, acute desynchronizing effects (Neiman et al.,
2007) and long-lasting desynchronizing after-effects
(Tass et al., 2009, 2012b) of electrical CR were demon-
strated in animal experiments. In fact, computational
studies (Tass & Popovych 2012; Popovych & Tass
2012) show that CR neuromodulation can be realized
by means of invasive (e.g., electrical) as well as non-
invasive (e.g., sensory) stimulation modalities.
RESET is part of a long-term research program at
the Research Center Ju¨lich. It builds on a model based
(Tass 1999) approach of reversing pathophysiologi-
cal synchronization underlying tinnitus and other brain
disorders characterized by abnormal synchronization.
It was explored in computational models (Tass, 2003)
as well as animal studies (Tass et al., 2009, 2012b).
The long-lasting reduction of subjective tinnitus
loudness and reversed tinnitus-specific increased corti-
cal synchronization clearly distinguishes acoustic CR
neuromodulation from the currently widely used ther-
apies. As formerly mentioned this is a proof of concept
trial, but in contrast to other purely empirical therapies
it is based on a well elaborated scientific concept that
is widely accepted and experimentally supported. Our
results demonstrate that acoustic CR neuromodula-
tion has an effect on the postulated pathophysiological
causes of tinnitus (Dohrmann et al., 2007; Kahlbrock
and Weisz, 2008; Tass et al., 2012a; Weisz et al., 2005).
In contrast, common therapies, e.g. TRT or CBT, aim
at one of three response systems (behaviour, cognition
and physiological reactivity) and are unlikely to have
an effect on the pathophysiological causes of tinnitus
(Martinez-Devesa et al., 2010; Phillips & McFarran
2010).
The RESET study is part of a major clinical devel-
opment program focusing on tinnitus treatment with
CR neuromodulation. As a next step and based on the
effects and the safety data obtained in the reported
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study, the statistically powered prospective multicen-
ter, double blinded, placebo-controlled, randomized
trial (RESET 2, NCT01541969) was started in Septem-
ber 2012. This study randomizes 100 patients with
chronic tonal tinnitus either to placebo or acoustic CR
neuromodulation as used in the G1 group of the RESET
trial.
We hope to clarify most of the questions and would
like to take this opportunity to invite Dr. Ru¨cker and
Prof. Antes to come to the Research Center Ju¨lich for
discussing the ongoing clinical studies as well as the
future development program.
Yours faithfully,
The authors
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